A high-strength biodegradable thermoset polymer for internal fixation bone screws: Preparation, in vitro and in vivo evaluation.
Thermoset polymers synthesized from the polycondensation of glycerol with biocompatible diacids represent a promising class of absorbable materials for biomedical applications. However, the utility of these polymers for bone fixation devices is hampered due to the lack of mechanical strength. Herein we synthesized a high-strength thermoset polymer, poly(glycerol-succinate) (PGS), via a catalyst-free and solvent-free reaction. The bending strength of PGS reaches 122.01 ± 8.82 MPa, signifying its great potential for fixation devices. The degradation property of the polymer can be tuned by adjusting the monomer ratio and reaction time. Bone screws based on the PGS polymer were successfully manufactured using a lathe. In vitro evaluation showed the PGS polymer was able to well support cell adhesion and proliferation. In vivo evaluation using a rat subcutaneous implantation model showed that the inflammatory response to the polymer was mild. After the PGS screws were implanted in the rabbit femoral condyle for 12 weeks, micro-computed tomography (micro-CT) and histological analysis revealed that the screws achieved good osseointegration. Consequently, the polymer developed in current study can serve as internal fixation devices due to the proper mechanical strength, excellent biocompatibility, and feasibility of manufacturing screws.